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1

METHOD AND APPARATUS FOR
TRANSMISSION OF SYNCHRONIZATION
SIGNAL

TECHNICAL FIELD

The present disclosure relates to communication technol-
ogy, and more particularly, to a method and an apparatus for
transmission of a synchronization signal.

BACKGROUND

Machine Type Communication (MTC) User Equipment
(UE) (or user terminal or terminal), also referred to as
Machine to Machine (M2M) user communication device, 1s

currently a main form of application of Internet of Things
(IoT). In the 3rd Generation Partnership Project (3GPP)

Technical Report (TR) 45.820 V200, several techniques
suitable for Cellular IoT (C-1oT) are disclosed, among which
a Narrow-Band Long Term Evolution (NB-LTE) 1s a most
attractive one. The bandwidth of the system 1s 200 KHz,
which 1s the same as the channel bandwidth of Global
System for Mobile communication (GSM) system. This 1s
advantageous for the NB-LTE system to reuse the spectra of

the GSM system and reduce interference with neighboring
GSM channels. The NB-LTE has a transmission bandwidth

of 180 KHz and a downlink sub-carrier spacing of 15 KHz,
which are the same as the bandwidth of one Physical
Resource Block (PRB) and sub-carrier spacing of the Long
Term Evolution (LTE) system. For such narrow band sys-
tem, the design of Primary Synchronization Signal (PSS)
and Secondary Synchronization Signal (S55), occupying six
PRBs 1n the current L'TE system, 1s no longer suitable and a
new design of PSS/SSS 1s thus needed.

In the related art, there 1s currently no feasible solution to
the problem associated with inappropriate design of the
synchronization signals in the NB-LTE system.

SUMMARY

The embodiments of the present disclosure provide a
method and an apparatus for transmission of a synchroni-
zation signal, capable of solving at least the problem asso-
clated with appropriate design of the synchronization
signals 1n the NB-LTE system in the related art.

According to an aspect of the embodiments of the present
disclosure, a method for transmission of a synchronization
signal 1s provided. The method includes: transmitting, by a
base station, the synchronization signal repeatedly and peri-
odically to a terminal. In one repetition period, the synchro-
nization signal 1s transmitted over time corresponding to a
plurality of Orthogonal Frequency Division Multiplexing
(OFDM) symbols 1n one or more subirames. The synchro-
nization signal 1s a Primary Synchronization Signal (PSS) or
a Secondary Synchronization Signal (SSS).

Optionally, for one of the one or more subirames, the
plurality of OFDM symbols include a plurality of consecu-
tive OFDM symbols 1n that subframe. Alternatively, when
the synchronization signal 1s transmitted over the one or
more subirames, the plurality of OFDM symbols are sym-
bols from a predefined set including the third OFDM sym-
bol, the fourth OFDM symbol and the last two OFDM
symbol 1n each slot.

Optionally, the PSS 1s 1n k1 consecutive radio frames and
transmitted at a period of T1 radio frames, where T1 and the
SSS 1s transmitted at a period of T2 radio frames. Alterna-
tively, the PSS 1s transmitted at a period of T3 radio frames
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and the SSS 1s 1 k2 consecutive radio frames and trans-
mitted at a period of T4 radio frames, where T4=k2. Alter-
natively, the PSS and the SSS are 1n k3 consecutive radio
frames and transmitted at a period of T5 radio frames, where
T5=k3. Each of k1, k2, k3, T1, T2, T3, T4 and T5 1s a
positive integer.

Optionally, in one repetition period, the synchronization
signal includes M OFDM symbols, in which the m-th
OFDM symbol has a sub-carrier spacing of 15/A KHz,
where 1=m=M and each of m, M and A 1is a positive integer.

Optionally, when A_=2, the sub-carrier spacing 1s 7.5
KHz, and the OFDM symbols are two consecutive OFDM
symbols including one of: the third OFDM symbol and the
fourth OFDM symbol 1n a slot, or the last two OFDM
symbol 1n a slot. When A =4, the sub-carner spacing 1s 3.75
KHz, and the OFDM symbols are four consecutive OFDM
symbols.

Optionally, 1n a standalone scenario, no reference signal 1s
transmitted over the OFDM symbols corresponding to the
synchronization signal in the one or more subirames in
which the synchronization signal 1s located. Alternatively, in
the standalone scenario, a reference signal 1s transmitted
only over the first ¢ OFDM symbols 1n the one or more
subiframes 1n which the synchronization signal 1s located,
where q 1s a positive integer.

Optionally, 1n one repetition period, the synchromization
signal includes a plurality of sequences generated based on
a cell identity and/or timing information.

Optionally, in one repetition period the synchromization
signal including a plurality of sequences includes: 1n one
repetition period, each OFDM symbol included 1n the syn-
chronization signal corresponding to one sequence, or in one
repetition period, a plurality of OFDM symbols included in
the synchromzation signal corresponding to one sequence,
and each of the OFDM symbols corresponding to a sub-
sequence ol the sequence, or 1n a plurality of subframes 1n
one repetition period, each of the plurality of subframes
corresponding to one sequence.

Optionally, 1n one repetition period, each OFDM symbol
included in the synchronization signal corresponds to one
sequence.

Optionally, each OFDM symbol included in the synchro-
nization signal corresponds to a ZC sequence having of
length of 11. The synchronization signal corresponds to a
carrier including 12 sub-carriers.

Optionally, when each OFDM symbol, or a plurality of
OFDM symbols, included in the synchromization signal
corresponds to a sequence, the sequence 1s determined based
on the OFDM symbol(s) corresponding to the sequence.

Optionally, the synchronization signal being transmitted
over time corresponding to a plurality of OFDM symbols 1n
one or more subirames 1n time domain includes: the syn-
chronization signal being transmitted over time correspond-
ing to m OFDM symbols, where m&{5, 6, 7, 8, 10, 12}.

Optionally, the time corresponding to the plurality of
OFDM symbols includes two portions each corresponding
to one sequence. The two portions are divided in order of
time. Alternatively, the two portions include time corre-
sponding to OFDM symbols having odd indices and time
corresponding to OFDM symbols having even indices. The
indices are determined by re-numbering the OFDM symbols
corresponding to the synchronization signal from O in order
of time.

Optionally, on an OFDM symbol corresponding to the
synchronization signal, for a sub-carrier that 1s not used for
transmitting a Cell-specific Reference Signal (CRS), the
synchronization signal 1s y(k) x(k) ¢, where c=s(k, )/x(k,), k,
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1s a sub-carrier index for CRS in a predetermined Resource
Element (RE) on the symbol, x(k,) 1s a value of a PSS or
SSS sequence corresponding to the sub-carrier # k,, and

s(k,) 1s a CRS symbol value corresponding to the sub-carrier
# k.

According to another aspect of the present disclosure, a
method for transmission of a synchronization signal 1s
provided. The method includes: receiving, by a terminal, the
synchronization signal transmitted from a base station
repeatedly and periodically. In one repetition period, the
synchronization signal 1s received over time corresponding
to a plurality of Orthogonal Frequency Division Multiplex-
ing (OFDM) symbols 1n one or more subirames. The syn-
chronization signal 1s a Primary Synchronization Signal
(PSS) or a Secondary Synchromization Signal (SSS).

Optionally, for one of the one or more subirames, the
plurality of OFDM symbols include a plurality of consecu-
tive OFDM symbols in that subframe. Alternatively, when
the synchronization signal 1s received over the one or more
subiframes, the plurality of OFDM symbols are symbols
from a predetermined set including the third OFDM symbol,
the fourth OFDM symbol and the last two OFDM symbol in
cach slot.

Optionally, the PSS 1s 1n k1 consecutive radio frames and
received at a period of T1 radio frames, where T1=k1 and the
SSS 1s recerved at a period of T2 radio frames. Alternatively,
the PSS 1s received at a period of T3 radio frames and the
SSS 1s 1 k2 consecutive radio frames and received at a
period of T4 radio frames, where T4zk2. Alternatively, the
PSS and the SSS are 1in k3 consecutive radio frames and
received at a period of T5 radio frames, where T5zk3. Fach
of k1, k2, k3, T1, T2, T3, T4 and TS5 1s a positive integer.

Optionally, 1n one repetition period, the synchromzation
signal includes M OFDM symbols, in which the m-th
OFDM symbol has a sub-carrier spacing of 15/A_ KHz,
where 1=m=M and each of m, M and A 1is a positive integer.

Optionally, when A =2, the sub-carrier spacing 1s 7.5
KHz, and the OFDM symbols are two consecutive OFDM
symbols including one of: the third OFDM symbol and the
fourth OFDM symbol 1 a slot, or the last two OFDM
symbol 1n a slot. When A =4, the sub-carrier spacing 1s 3.75
KHz, and the OFDM symbols are four consecutive OFDM
symbols.

Optionally, 1n a standalone scenario, no reference signal 1s
received over the OFDM symbols corresponding to the
synchronization signal in the one or more subiframes in
which the synchronization signal 1s located. Alternatively, in
the standalone scenario, a reference signal 1s received only
over the first ¢ OFDM symbols 1n the one or more subiframes
in which the synchronization signal 1s located, where q 1s a
positive integer.

Optionally, 1n one repetition period, the synchromzation
signal includes a plurality of sequences generated based on
a cell identity and/or timing information.

Optionally, 1n one repetition period the synchronization
signal including a plurality of sequences includes: i one
repetition period, each OFDM symbol included in the syn-
chronization signal corresponding to one sequence, or in one
repetition period, a plurality of OFDM symbols included in
the synchromzation signal corresponding to one sequence,
and each of the OFDM symbols corresponding to a sub-
sequence ol the sequence, or 1n a plurality of subframes 1n
one repetition period, each of the plurality of subirames
corresponding to one sequence.

Optionally, when each OFDM symbol, or a plurality of
OFDM symbols, included in the synchromization signal
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corresponds to a sequence, the sequence 1s determined based
on the OFDM symbol(s) corresponding to the sequence.

Optionally, the synchronization signal being received
over time corresponding to a plurality of OFDM symbols 1n
one or more subirames 1n time domain includes: the syn-
chronization signal being received over time corresponding
to m OFDM symbols, where m&{5, 6, 7, 8, 10, 12}.

Optionally, the time corresponding to the plurality of
OFDM symbols includes two portions each corresponding
to one sequence. The two portions are divided in order of
time. Alternatively, the two portions include time corre-
sponding to OFDM symbols having odd indices and time
corresponding to OFDM symbols having even indices. The
indices are determined by re-numbering the OFDM symbols
corresponding to the synchronization signal, starting from O,
in order of time.

Optionally, on an OFDM symbol corresponding to the
synchronization signal, for a sub-carrier that 1s not used for
receiving a Cell-specific Reference Signal (CRS), the syn-
chronization signal 1s y(k) x(k) ¢, where ¢ s(k,)/x(k,), k, 1s
a sub-carrier index for CRS 1n a predetermined Resource
Element (RE) on the symbol, x(k,) 1s a value of a PSS or
SSS sequence corresponding to the sub-carrier # k,, and
s(k”) is a CRS symbol value corresponding to the sub-carrier
# K,.

Optionally, the position of the synchronization signal 1s
determined from at least one of: a cell 1dentity; a frequency
domain position, a PRB index or a frequency oflset corre-
sponding to the synchronization signal.

Optionally, the synchromization signal 1s located 1n the last
N sub-carriers of the PRB in which the synchromization
signal 1s located when the cell 1identity 1s X, or in the first N
sub-carriers of the PRB in which the synchronization signal
1s located when the cell 1dentity 1s Y, where N 1s a positive
integer.

Optionally, the cell identity X satisfies mod(X, 3)=0, the
cell identity Y satisfies mod(Y, 3)=0. Alternatively, the cell
identity Y satisfies mod(Y, 3)=2, the cell identity X satisfies
mod(X, 3)=2. Alternatively, the cell i1dentity X satisfies
mod(X, 6)=0, the cell identity Y satisfies mod(Y, 6)/0.
Alternatively, the cell identity Y satisfies mod(Y, 6)=3, the
cell identity X satisfies mod(X, 6)=5.

Optionally, when each OFDM symbol included i the
synchronization signal corresponds to one sequence, the
sequence 1s a ZC sequence

_.wunintl)
x,(r)=¢e N

0=n=<N-1

having of length of 11. Different root indices are used on
neighboring OFDM symbols, where n denotes an index of a
sequence value, u denotes a root index of the ZC sequence,
and N denotes a length of the ZC sequence, where N=11.

Optionally, the root indices for the ZC sequences divided
into groups 1n accordance with at least one of: a first scheme
in which a first group includes ZC sequences having u={5,
6,4,7,3,8}, a second group includes ZC sequences having
u={2,9}, and a third group includes ZC sequences having
u={1,10}, and a second scheme in which a first group
includes ZC sequences having u={1,10,2,9,3,8}, a second
group includes ZC sequences having uv={4,7}, and a third
group includes ZC sequences having u={5,6}. The
sequences 1n the second group and the sequences in the third
group are inter-exchangeable.

Optionally, the first group of ZC sequences are mapped
onto a first OFDM symbol, the second group of ZC
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sequences are mapped onto a second OFDM symbol, and the
third group of ZC sequences are mapped onto a third OFDM
symbol. The first OFDM symbol includes symbols having
OFDM symbol index of {5,6,9,10,12,13} in a subframe, the
second OFDM symbol includes symbols having OFDM
symbol index of {3,4} in a subframe, and the third OFDM
symbol includes symbols having OFDM symbol index of
17,8} in a subframe. The symbol index in a subframe starts
from O.

Optionally, the synchronization signal uses the same ZC
sequence on the last but two OFDM symbol 1n a subirame
as the ZC sequence used on the last OFDM symbol 1n the
subirame, the ZC sequence used on the first OFDM symbol
of the second slot, the ZC sequence used on the last OFDM
symbol of the first slot, or the ZC sequence used by the
synchronization signal on the first OFDM symbol in the
subirame.

Optionally, for a normal Cyclic Prefix (CP), the root
indices of the sequences corresponding to the OFDM sym-
bols included 1n the synchronization signal are, in order of
time, one of:

11,2,3,4,5,6,7,.8,9,10,1};

11,2,3,4,5,1,6,7,.8,9,10}:

1,10,2,9,3,5.8,4,7,5,6}:

11,10,2,9,3,8,4,7,6,5,6};

{2,9,5,6,1,10,4,7,3,8,3 }:

12,9,3,8,1,10,4,7,5,6,5}.

Optionally, for an extended Cyclic Prefix (CP), the root
indices of the sequences corresponding to the OFDM sym-
bols included 1n the synchronization signal are, in order of
time, one of:

11,2,3,4,5,6,7,8,9};

11,2,3,4,5,7,8,9,10}:

11,10,2,9, 3,4,7,5,6};

11,10,2,9,3,8,4,7.6}:

11,5,6,2,9,3,8,4,7};

11,4,7,2,9,3,8,5,6}.

According to another aspect of the embodiments of the
present disclosure, an apparatus located 1n a base station side
for transmission of a synchronization signal 1s provided. The
apparatus includes: a transmitting module configured to
transmit the synchronization signal repeatedly and periodi-
cally to a terminal. In one repetition period, the synchroni-
zation signal 1s transmitted over time corresponding to a
plurality of Orthogonal Frequency Division Multiplexing
(OFDM) symbols 1n one or more subirames. The synchro-
nization signal 1s a Primary Synchronization Signal (PSS) or
a Secondary Synchronization Signal (SSS).

According to another aspect of the embodiments of the
present disclosure, an apparatus located 1n a terminal side for
transmission of a synchronization signal 1s provided. The
apparatus includes: a receiving module configured to receive
the synchronization signal transmitted from a base station
repeatedly and periodically. In one repetition period, the
synchronization signal 1s received over time corresponding
to a plurality of Orthogonal Frequency Division Multiplex-
ing (OFDM) symbols 1n one or more subframes. The syn-
chronization signal 1s a Primary Synchronization Signal
(PSS) or a Secondary Synchromization Signal (SSS).

According to another embodiment of the present disclo-
sure, a storage medium 1s provided. The storage medium 1s
configured to store program codes for performing a step of
transmitting, by a base station, the synchronization signal
repeatedly and periodically to a terminal. In one repetition
period, the synchronization signal 1s transmitted over time
corresponding to a plurality of Orthogonal Frequency Divi-
sion Multiplexing (OFDM) symbols 1n one or more sub-
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frames. The synchronization signal 1s a Primary Synchro-
nization Signal (PSS) or a Secondary Synchronization
Signal (SSS).

Optionally, the storage medium 1s further configured to
store program codes such that the synchronization signal 1s
transmitted over time corresponding to m OFDM symbols,
where m&{5, 6, 7, 8, 10, 12}.

Optionally, the storage medium 1s further configured to
store program codes such that the time corresponding to the
plurality of OFDM symbols include two portions each
corresponding to one sequence. The two portions are divided
in order of time. Alternatively, the two portions include time
corresponding to OFDM symbols having odd indices and
time corresponding to OFDM symbols having even indices.
The indices are determined by re-numbering the OFDM
symbols corresponding to the synchronization signal from O
in order of time.

According to another embodiment of the present disclo-
sure, a storage medium 1s provided. The storage medium 1s
configured to store program codes for performing a step of
receiving, by a terminal, the synchronization signal trans-
mitted from a base station repeatedly and periodically. In
one repetition period, the synchronization signal 1s received
over time corresponding to a plurality of Orthogonal Fre-
quency Division Multiplexing (OFDM) symbols 1n one or
more subirames. The synchronization signal 1s a Primary
Synchromization Signal (PSS) or a Secondary Synchroniza-
tion Signal (SSS).

Optionally, the storage medium 1s further configured to
store program codes such that the PSS 1s 1n k1 consecutive
radio frames and received at a period of T1 radio frames,
where T1zk1, and the SSS 1s received at a period of T2 radio
frames, or the PSS 1s recerved at a period of T3 radio frames
and the SSS 1s 1n k2 consecutive radio frames and received
at a period of T4 radio frames, where T4=k2 or the PSS and
the SSS are 1n k3 consecutive radio frames and received at
a period of TS5 radio frames, where 1T3zk3. Each of k1, k2,
k3, T1, T2, T3, T4 and T5 1s a positive integer.

Optionally, the storage medium 1s further configured to
store program codes such that 1n a standalone scenario, no
reference signal 1s received over the OFDM symbols cor-
responding to the synchronization signal 1n the one or more
subiframes 1n which the synchromization signal 1s located, or
in the standalone scenario, a reference signal i1s received
only over the first ¢ OFDM symbols 1n the one or more
subiframes 1n which the synchronization signal 1s located,
where q 15 a positive integer.

Optionally, the storage medium 1s further configured to
store program codes such that 1n one repetition period, the
synchronization signal includes a plurality of sequences
generated based on a cell identity and/or timing information.

Optionally, the storage medium 1s further configured to
store program codes such that: in one repetition period, each
OFDM symbol included i the synchronization signal cor-
responding to one sequence, or 1n one repetition period, a
plurality of OFDM symbols included 1n the synchronization
signal corresponding to one sequence, and each of the
OFDM symbols corresponding to a sub-sequence of the
sequence, or 1n a plurality of subframes 1n one repetition
period, each of the plurality of subirames corresponding to
one sequence.

With the embodiments of the present disclosure, a base
station transmits a synchronization signal repeatedly and
periodically to a terminal. In one repetition period, the
synchronization signal 1s transmitted over time correspond-
ing to a plurality of Orthogonal Frequency Division Multi-
plexing (OFDM) symbols 1n one or more subirames. The
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synchronization signal 1s a Primary Synchronization Signal
(PSS) or a Secondary Synchronization Signal (5855). Alter-
natively, a terminal receives a synchronization signal trans-
mitted from a base station repeatedly and periodically. In
this way, the problem associated with inappropriate design
of the synchronization signals in the NB-LTE system can be
solved and proper transmission of the synchronization sig-
nals 1n the narrow band system can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure can be further understood with
reference to the figures described below, which constitute a
part of the present disclosure. The 1llustrative embodiments
of the present disclosure and descriptions thereof are pro-
vided for explaining, rather than limiting, the present dis-
closure. In the figures:

FIG. 1 1s a first flowchart illustrating a method for
transmission of a synchronization signal according to an
embodiment of the present disclosure;

FIG. 2 1s a second flowchart illustrating a method for
transmission of a synchronization signal according to an
embodiment of the present disclosure;

FIG. 3 1s a first block diagram showing a structure of an
apparatus for transmission of a synchronization signal
according to an embodiment of the present disclosure;

FIG. 4 1s a second block diagram showing a structure of
an apparatus for transmission of a synchronization signal
according to an embodiment of the present disclosure;

FIG. § 1s a schematic diagram showing consecutive
reference symbols occupied by PSS/SSS according to a
preferable embodiment of the present disclosure;

FIG. 6 1s a schematic diagram showing inconsecutive
reference symbols occupied by PSS/SSS according to a
preferable embodiment of the present disclosure; and

FIG. 7 1s a schematic diagram showing REs correspond-
ing to ZC sequences according to a preferable embodiment
of the present disclosure.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1l

In the following, the present disclosure will be described
in detail with reference to the figures, taken in conjunction
with the embodiments. The embodiments, and the features
thereol, can be combined with each other, provided that they
do not contlict.

It 1s to be noted that, the terms such as “first”, “second”
and so on 1n the description, claims and figures are used for
distinguishing among similar objects and do not necessarily
imply any particularly order or sequence.

According to an embodiment, a method for transmission
of a synchronization signal 1s provided. FIG. 1 1s a first
flowchart 1llustrating a method for transmission of a syn-
chronization signal according to an embodiment of the
present disclosure. As shown 1n FIG. 1, the method includes
the following steps.

S102, a base station acquires a synchronization signal.

S104, the base station transmits the synchromization sig-
nal repeatedly and periodically to a terminal. In one repeti-
tion period, the synchronization signal 1s transmitted over
time corresponding to a plurality of Orthogonal Frequency
Division Multiplexing (OFDM) symbols in one or more
subirames. The synchronization signal 1s a Primary Syn-
chronization Signal (PSS) or a Secondary Synchronization

Signal (SSS).
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With the above steps, the base station transmits the
synchronization signal repeatedly and periodically to the
terminal. In one repetition period, the synchronization signal
1s transmitted over time corresponding to a plurality of
OFDM symbols 1n one or more subirames. The synchroni-
zation signal 1s a PSS or an SSS. In this way, the problem
associated with mappropriate design of the synchronization
signals 1 the NB-LTE system can be solved and proper
transmission of the synchronization signals in the narrow
band system can be achieved.

In this embodiment, the step S102 1s optional. The solu-
tion of this embodiment can include the step S104 only.

In this embodiment, for one subirames, the plurality of
OFDM symbols include a plurality of consecutive OFDM
symbols 1n that subirame. Alternatively, when the synchro-
nization signal 1s transmitted over the one or more sub-
frames, the plurality of OFDM symbols are symbols from a
predefined set including the third OFDM symbol, the fourth
OFDM symbol and the last two OFDM symbol 1n each slot.

In this embodiment, the PSS 1s 1n k1 consecutive radio
frames and transmitted at a period of T1 radio frames, where
T1=zkl and the SSS is transmitted at a period of 12 radio
frames. Alternatively, the PSS 1s transmitted at a period of
13 radio frames and the SSS 1s 1 k2 consecutive radio
frames and transmitted at a period of T4 radio frames, where
T4=k2. Alternatively, the PSS and the SSS are 1n k3 con-
secutive radio frames and transmitted at a period of TS radio
frames, where T5=k3. Each ot k1, k2,k3, T1, T2, T3, T4 and
T35 1s a positive integer.

In this embodiment, in one repetition period, the synchro-
nization signal includes M OFDM symbols, in which the
m-th OFDM symbol has a sub-carrier spacing of 15/A
KHz, where 1=m=<M and each of m, M and A 1s a positive
integer.

In this embodiment, when A_=2. the sub-carrier spacing
1s 7.5 KHz, and the OFDM symbols are two consecutive
OFDM symbols including one of: the third OFDM symbol
and the fourth OFDM symbol i a slot, or the last two
OFDM symbol in a slot. When A _4, the sub-carrier spacing
1s 3.75 KHz, and the OFDM symbols are four consecutive
OFDM symbols.

Optionally, 1n a standalone scenario, no reference signal 1s
transmitted over the OFDM symbols corresponding to the
synchronization signal in the one or more subirames in
which the synchronization signal 1s located. Alternatively, in
the standalone scenario, a reference signal 1s transmitted
only over the first ¢ OFDM symbols 1n the one or more
subiframes 1n which the synchronization signal 1s located,
where q 1s a positive integer.

In this embodiment, in one repetition period, the synchro-
nization signal includes a plurality of sequences generated
based on a cell identity and/or timing imnformation.

In this embodiment, in one repetition period, the synchro-
nization signal includes a plurality of sequences, wherein: in
one repetition period, each OFDM symbol included 1n the
synchronization signal corresponds to one sequence; or in
one repetition period, a plurality of OFDM symbols
included 1n the synchronization signal correspond to one
sequence, and each of the OFDM symbols corresponds to a
sub-sequence of the sequence; or 1n a plurality of subframes
in one repetition period, each of the plurality of subframes
corresponds to one sequence.

In this embodiment, when each OFDM symbol or a
plurality of OFDM symbols, included 1n the synchromization
signal corresponds to a sequence, the sequence i1s deter-
mined based on the OFDM symbol(s) corresponding to the
sequence.
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In this embodiment, the synchronization signal being
transmitted over time corresponding to a plurality of OFDM
symbols 1n one or more subirames 1n time domain includes:

the synchronization signal being transmitted over time cor-
responding tom OFDM symbols, where m&{5, 6, 7, 8, 10,
12}.

In this embodiment, the time corresponding to the plu-
rality of OFDM symbols includes two portions each corre-
sponding to one sequence. The two portions are divided 1n
order of time. Alternatively, the two portions include time
corresponding to OFDM symbols having odd indices and
time corresponding to OFDM symbols having even indices.
The indices are determined by re-numbering the OFDM
symbols corresponding to the synchronization signal from 0
in order of time.

In this embodiment, on an OFDM symbol corresponding,
to the synchronization signal, for a sub-carrier that 1s not
used for transmitting a Cell-specific Reference Signal
(CRS), the synchronization signal 1s y(k) x(k) c, where
c=s(k,)/x(k,), k, 1s a sub-carrier index for CRS 1n a prede-
termined Resource Element (RE) on the symbol, x(k,) 1s a
value of a PSS or SSS sequence corresponding to the
sub-carrier # k,, and s(k,) 1s a CRS symbol value corre-
sponding to the sub-carrier # k.

According to an embodiment, a method for transmission
of a synchronization signal 1s also provided. FIG. 2 1s a
second flowchart illustrating a method for transmission of a
synchronization signal according to an embodiment of the
present disclosure. As shown 1n FIG. 2, the method includes
the following steps.

S202, a terminal receives a synchronization signal trans-
mitted from a base station repeatedly and periodically. In
one repetition period, the synchronization signal 1s received
over time corresponding to a plurality of Orthogonal Fre-
quency Division Multiplexing (OFDM) symbols 1n one or
more subirames. The synchronization signal 1s a Primary
Synchronization Signal (PSS) or a Secondary Synchroniza-
tion Signal (SSS).

5204, the terminal determines the synchronization signal.

With the above steps, the terminal receives the synchro-
nization signal transmitted from a base station repeatedly
and periodically. In one repetition period, the synchroniza-
tion signal 1s transmitted over time corresponding to a
plurality of OFDM symbols 1n one or more subirames. The
synchronization signal 1s a PSS or an SSS. In this way, the
problem associated with mappropriate design of the syn-
chronization signals 1n the NB-LTE system can be solved
and proper transmission of the synchronization signals in the
narrow band system can be achieved.

In this embodiment, the step S204 1s optional. The solu-
tion of this embodiment can include the step S202 only.

In this embodiment, for one of the one or more subframes,
the plurality of OFDM symbols include a plurality of
consecutive OFDM symbols 1n that subiframe. Alternatively,
when the synchronization signal i1s received over the one or
more subirames, the plurality of OFDM symbols are sym-
bols from a predefined set including the third OFDM sym-
bol, the fourth OFDM symbol and the last two OFDM
symbol 1n each slot.

In this embodiment, the PSS 1s 1n k1 consecutive radio
frames and received at a period of T1 radio frames, where
T1=kl, and the SSS 1s received at a period of T2 radio
frames. Alternatively, the PSS 1s received at a period of T3
radio frames and the SSS 1s 1n k2 consecutive radio frames
and received at a period of T4 radio frames, where T4=k2.
Alternatively, the PSS and the SSS are 1 k3 consecutive

10

15

20

25

30

35

40

45

50

55

60

65

10

radio frames and received at a period of TS radio frames,
where T5=k3. Each of k1, k2, k3, T1, T2, T3, T4 and T3S 1s
a positive integer.

In this embodiment, 1n one repetition period, the synchro-
nization signal includes M OFDM symbols, in which the
m-th OFDM symbol has a sub-carrier spacing of 15/A
KHz, where 1=<m=<M and each of m, M and A 1s a positive
integer.

In this embodiment, when A_=2. the sub-carrier spacing
1s 7.5 KHz, and the OFDM symbols are two consecutive
OFDM symbols including one of: the third OFDM symbol
and the fourth OFDM symbol in a slot, or the last two
OFDM symbol imn a slot. When A_=4, the sub-carrier
spacing 1s 3.75 KHz, and the OFDM symbols are four
consecutive OFDM symbols.

Optionally, 1n a standalone scenario, no reference signal 1s
received over the OFDM symbols corresponding to the
synchronization signal in the one or more subirames in
which the synchronization signal 1s located. Alternatively, in
the standalone scenario, a reference signal 1s received only
over the first ¢ OFDM symbols 1n the one or more subframes
in which the synchronization signal 1s located, where g 1s a
positive integer.

In this embodiment, in one repetition period, the synchro-
nization signal includes a plurality of sequences generated
based on a cell identity and/or timing information.

In this embodiment, 1n one repetition period the synchro-
nization signal including a plurality of sequences includes:
in one repetition period, each OFDM symbol included 1n the
synchronization signal corresponding to one sequence, or 1n
one repetition period, a plurality of OFDM symbols
included 1n the synchronization signal corresponding to one
sequence, and each of the OFDM symbols corresponding to
a sub-sequence of the sequence, or i a plurality of sub-
frames 1n one repetition period, each of the plurality of
subirames corresponding to one sequence.

In this embodiment, in one repetition period, each OFDM
symbol included 1n the synchronization signal corresponds
to one sequence.

In this embodiment, each OFDM symbol included in the
synchronization signal corresponds to a ZC sequence having,
of length of 11. The synchronization signal corresponds to a
carrier including 12 sub-carriers.

In this embodiment, when each OFDM symbol, or a
plurality of OFDM symbols, included 1n the synchromization
signal corresponds to a sequence, the sequence i1s deter-
mined based on the OFDM symbol(s) corresponding to the
sequence.

In this embodiment, the synchronization signal being
received over time corresponding to a plurality of OFDM
symbols 1n one or more subirames 1 time domain includes:
the synchronization signal being received over time corre-
sponding to m OFDM symbols, where m&{5, 6, 7, 8, 10,
12}.

In this embodiment, the time corresponding to the plu-
rality of OFDM symbols includes two portions each corre-
sponding to one sequence. The two portions are divided 1n
order of time. Alternatively, the two portions include time
corresponding to OFDM symbols having odd indices and
time corresponding to OFDM symbols having even indices.
The indices are determined by re-numbering the OFDM
symbols corresponding to the synchromization signal, start-
ing from O, in order of time.

In this embodiment, on an OFDM symbol corresponding,
to the synchronization signal, for a sub-carrier that 1s not
used for receiving a Cell-specific Reference Signal (CRS),
the synchronization signal 1s Y (k) x(k) ¢, where c=s(k,)/x
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(k,), k, 1s a sub-carrier index for CRS 1n a predetermined
Resource Element (RE) on the symbol, x(k,) 1s a value of a
PSS or SSS sequence corresponding to the sub-carrier # ko,
and s(k,) 1s a CRS symbol value corresponding to the
sub-carrier # k.

In this embodiment, the position of the synchronization
signal 1s determined from at least one of: a cell 1dentity; a
frequency domain position, a PRB index or a frequency
oflset corresponding to the synchronization signal.

In this embodiment, the synchronization signal 1s located
in the last N sub-carriers of the PRB 1n which the synchro-
nization signal 1s located when the cell identity 1s X, or in the
first N sub-carriers of the PRB in which the synchronization
signal 1s located when the cell 1dentity 1s Y, where N 1s a
positive integer.

In this embodiment, the cell identity X satisfies mod(X,
3)=0, the cell identity Y satisfies mod(Y, 3)=0. Alternatively,
the cell identity Y satisfies mod(Y, 3)=2, the cell identity X
satisfies mod(X, 3)=2. Alternatively, the cell identity X
satisfies mod(X, 6)=0, the cell identity Y satisfies mod(Y,
6)=0. Alternatively, the cell identity Y satisfies mod(Y, 6)=3,
the cell identity X satisfies mod(X, 6)=3.

In this embodiment, when each OFDM symbol included
in the synchromization signal corresponds to one sequence,

the sequence 1s a ZC sequence

_.wun(ntl)
x,(m)=¢e'N

O0=n=sN-1

having of length of 11. Different root indices are used on
neighboring OFDM symbols, where n denotes an index of a
sequence value, u denotes a root index of the ZC sequence,
and N denotes a length of the ZC sequence, where N=11.

In this embodiment, the root indices for the ZC sequences
divided into groups 1n accordance with at least one of: a first
scheme 1n which a first group includes ZC sequences having
u={5,6,4,7,3,8}, a second group includes ZC sequences
having u={2,9}, and a third group includes ZC sequences
having u={1,10}, and a second scheme in which a first group
includes ZC sequences having u={1,10,2,9,3.8}, a second
group includes ZC sequences having u={4,7}, and a third
group includes ZC sequences having u={5,6}. The
sequences 1n the second group and the sequences 1n the third
group are inter-exchangeable.

In this embodiment, the first group of ZC sequences are
mapped onto first OFDM symbols, the second group of ZC
sequences are mapped onto second OFDM symbols, and the
third group of ZC sequences are mapped onto third OFDM
symbols. The first OFDM symbols include symbols having

OFDM symbol index of {5,6,9,10,12,13} in each subframe,
the second OFDM symbols include symbols having OFDM
symbol index of {3,4} in each subframe, and the third
OFDM symbols include symbols having OFDM symbol
index of {7,8} in each subframe. The symbol index in a
subirame starts from 0.

In this embodiment, the synchronmization signal uses the
same ZC sequence on the last but two OFDM symbol 1n a
subirame as the ZC sequence used on the last OFDM symbol
in the subirame, or as the ZC sequence used on the first
OFDM symbol of the second slot, or as the ZC sequence
used on the last OFDM symbol of the first slot, or as the ZC
sequence used by the synchronization signal on the first
OFDM symbol in the subirame.

In this embodiment, for a normal Cyclic Prefix (CP), the
root indices of the sequences corresponding to the OFDM
symbols included 1n the synchronization signal are, 1n order
of time, one of:
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11,2,3,4,5,6,7,8,9,10,1};

11,2,3,4,5,1,6,7,8,9,10};

11,10,2,9,3,5,8,4,7,5,6}:

11,10,2,9,3,8,4,7,6,5,6}:

12,9,5,6,1,10,4,7,3,8,3}:

{2,9,3,8,1,10,4,7,5,6,5}.

In this embodiment, for an extended Cyclic Prefix (CP),
the root indices of the sequences corresponding to the
OFDM symbols included 1n the synchronization signal are,

in order of time, one of:

11,2,3,4,5,6,7,8,91};

11,2,3,4,5,7,8,9,10};

11,10,2,9, 3,4,7,5,6};

11,10,2,9.3,8.4,7,6};

11,5,6,2,9,3,8,4,7};

11,4,7,2,9,3,8,5,6}.

According to an embodiment of the present disclosure, an
apparatus for transmission of a synchronization signal 1s also
provided. The apparatus can implement the above embodi-
ments and preferably embodiments and details thereof will
be omitted here. As used hereinatter, the term “module” can
be software, hardware, or a combination thereof, capable of
performing a predetermined function. While the apparatuses
as described in the following embodiments are preferably
implemented in software, it can be contemplated that they
can also be implemented in hardware or a combination of
software and hardware.

FIG. 3 1s a first block diagram showing a structure of an
apparatus for transmission of a synchronization signal
according to an embodiment of the present disclosure. The
apparatus can be located at a base station side. As shown 1n
FIG. 3, the apparatus includes:

an acquiring module 32 configured to acquire a synchro-
nization signal; and

a transmitting module 34 configured to transmit the
synchronization signal repeatedly and periodically to a ter-
minal.

In one repetition period, the synchromization signal 1s
transmitted over time corresponding to a plurality of
Orthogonal Frequency Division Multiplexing (OFDM) sym-
bols 1n one or more subirames. The synchronization signal
1s a Primary Synchronization Signal (PSS) or a Secondary
Synchronization Signal (SSS).

With the above apparatus, the acquiring module 32 1s
configured to acquire a synchronization signal and the
transmitting module 34 1s configured to transmit the syn-
chronization signal repeatedly and periodically to the ter-
minal. In one repetition period, the synchromization signal 1s
transmitted over time corresponding to a plurality of OFDM
symbols 1n one or more subframes. The synchronization
signal 1s a PSS or an SSS. In this way, the problem
associated with mappropriate design of the synchronization
signals 1n the NB-LTE system can be solved and proper
transmission of the synchronization signals in the narrow
band system can be achieved.

The solution for transmission of the synchronization in
the apparatus 1s the same as that described in connection
with the above embodiments.

In this embodiment, the acquiring module 32 1s optional.
The solution of this embodiment can include the transmit-
ting module 34 only.

FIG. 4 15 a second block diagram showing a structure of
an apparatus for transmission of a synchronization signal
according to an embodiment of the present disclosure. The
apparatus can be located at a terminal side. As shown 1n FIG.
4, the apparatus 1ncludes:
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a recerving module 42 configured to receive a synchro-
nization signal transmitted from a base station repeatedly
and periodically; and

a determining module 44 configured to determine the
synchronization signal.

In one repetition period, the synchronization signal 1s
transmitted over time corresponding to a plurality of
Orthogonal Frequency Division Multiplexing (OFDM) sym-
bols 1n one or more subirames. The synchronization signal
1s a Primary Synchronization Signal (PSS) or a Secondary
Synchronization Signal (SSS).

With the above apparatus, the receiving module 42 1s
configured to receirve a synchronization signal transmitted
from a base station repeatedly and periodically and the
determining module 44 is configured to determine the syn-
chronization signal. In one repetition period, the synchro-
nization signal 1s transmitted over time corresponding to a
plurality of OFDM symbols 1n one or more subirames. The
synchronization signal 1s a PSS or an SSS. In this way, the
problem associated with mappropriate design of the syn-
chronization signals 1n the NB-LTE system can be solved
and proper transmission of the synchronization signals 1n the
narrow band system can be achieved.

The solution for transmission of the synchronization
signal 1 the apparatus 1s the same as that described 1in
connection with the above embodiments.

In this embodiment, the determining module 44 1s
optional. The solution of this embodiment can include the
receiving module 42 only.

In the following, the present disclosure will be described
in detail with reference to the preferable embodiments and
implementations.

Preterable Embodiment 1

In this preferable embodiment, a method for transmission
of a synchronization signal 1s provided. The synchronization
signal 1s a Primary Synchromization Signal (PSS) or a
Secondary Synchronization Signal (SSS).

The synchronization signal 1s transmitted repeatedly and
periodically. For example, the repetition period can be 20
ms, 40 ms, 60 ms or 80 ms. The PSS and the SSS may or
may not have the same repetition period. For example, the
PSS can have a transmission period of 80 ms and can be
transmitted in one or more subirames, and the SSS can have
a transmission period of 20 ms and can be transmitted in one
or more subirames. A timing of 80 ms can be obtained by
receiving the PSS,

The transmission period may not be even. For example,
the PSS can be 1n k1 consecutive radio frames and trans-
mitted at a period of T1 radio frames, where T1=zk1 and the
SSS can be transmuitted at a period of 12 radio frames. Here,
when T1>k1, the PSS may be considered to be transmitted
at an uneven period. Alternatively, the PSS can be transmit-
ted at a period of T3 radio frames and the SSS can be 1n k2
consecutive radio frames and transmitted at a period of T4
radio frames, where T4=zk2. Alternatively, the PSS and the
SSS are 1n k3 consecutive radio frames and transmitted at a
period of T35 radio frames, where T3=k3. Here, each of ki,
k2, k3, T1, T2, T3, T4 and T35 1s a positive integer. For
example, there can be a large transmission period of 80 ms
and the PSS or SSS can be transmitted 1n the first 40 ms of
the 80 ms. In the first 40 ms, the PSS or SSS can be
transmitted every 10 ms, but is not transmitted 1n the last 40
ms. A UE can acquire the timing of 80 ms based on the large
period, which can save the number of indication bits for
system frame number in an MIB.
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In one repetition period, resources occupied by the PSS/
SSS are as follows.

In one repetition period, the PSS/SSS can occupy one or
more subirames. The PSS/SSS can be transmitted in con-
secutive or 1nconsecutive subframes. If a subirame for
transmission 1s a Multimedia Broadcast multicast service
Single Frequency Network (MBSFEFN) subirame with a
Physical Multicast Channel (PBCH) transmitted in it, the
PSS/SSS 1mformation will be punctured. Alternatively, the
subirame(s) for transmission of the PSS/SSS can be selected
from subframes 0, 4, 5 and 9, such that the conflict with the
MBSFEN subframes can be avoided.

Preferably, the PSS/SSS can be located in subirames 4
and 5 1n a radio frame, or subiframe 9 in a radio frame and
subirame O 1n the next radio frame.

In one repetition period, the PSS/SSS can occupy a
number of OFDM symbols in time domain. Here, an OFDM
symbol 1s a symbol currently defined in the LTE. For
example, for a normal CP, a subirame of 1 ms can be divided
into two slots each of 0.5 ms. The two slots have indices of
0 and 1 and can be referred to as the first slot and the second
slot, respectively. Each slot contains seven symbols indexed
from O to 6, which can be referred to as the first symbol, the
second symbol, . . ., the seventh symbol. For an extended
CP, a subframe of 1 ms can also be divided into two slots
cach o1 0.5 ms. The two slots have indices of 0 and 1 and can
be referred to as the first slot and the second slot, respec-
tively. Each slot contains six symbols indexed from O to 5,
which can be referred to as the first symbol, the second
symbol, . . . , the sixth symbol. In order to avoid any
confusion with the OFDM symbol for transmission of the
PSS/SSS, 1n the embodiments of the present disclosure, this
OFDM symbol will be referred to as a reference symbol.

The PSS/SSS can occupy consecutive reference symbols,
or reference symbols not used for transmission of CRS. FIG.
5 1s a schematic diagram showing consecutive reference
symbols occupied by PSS/SSS according to a preferable
embodiment of the present disclosure. FIG. 6 1s a schematic
diagram showing inconsecutive reference symbols occupied
by PSS/SSS according to a preferable embodiment of the
present disclosure. As shown i FIG. § and FIG. 6, two
examples 1n which two reference symbols are occupied by
the PSS/SSS are given, with FIG. 5 showing a consecutive
occupation and FIG. 6 showing an inconsecutive occupa-
tion.

Preferably, the reference symbols for transmitting the
synchronization signal can be selected from a set including
the third and fourth reference symbols and the last two
reference symbols in each slot. Since the third symbol 1n a
slot having an even index 1s typically used for PDCCH
transmission, such symbol 1s not included preferably. Fur-
ther, for the extended CP, the fourth symbol 1n each slot 1s
CRS, such symbol 1s not included preferably.

Preferably, the number of reference symbols for trans-
mission of the synchronization signal can be one of 5, 6 and
7.

Alternatively, the number of reference symbols for trans-
mission of the synchromization signal can be one o1 8, 10 and
12. Preferably, the synchronization signal can be transmaitted
on MBSFEN subirames. Alternatively, it can be transmitted 1n
subirames 1n a standalone scenario.

Optionally, 11 the PSS/SSS occupies the time-frequency
resources of a reference signal, the reference signal shall
puncture the symbols of the PSS/SSS. The reference signal
may include CRS, CSI-RS, PRS, DMRS, or the like.

The PSS and the SS8S may or may not occupy the same
number of symbols. The PSS and the SSS may or may not
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occupy the same number of subirames. For example, the
PSS can occupy one subirame and the SSS can occupy two
subirames.

Optionally, 1n a standalone scenario, 1.¢., a scenario with-
out sharing frequency bands with LTE legacy UEs, 1n the
subframes in which the PSS 1s located, the CRS 1s not
transmitted on the reference symbols in which the synchro-
nization signal 1s located. As an example, for a normal CP,
there are in total 14 reference symbols having indices of
0-13, respectively. The synchronization signal occupies the
reference symbols #5-13, then the CRS 1s not transmitted on
the reference symbols #5-13. Alternatively, for the stand-
alone scenario, in the subframes 1n which the synchroniza-
tion signal 1s located, the reference signal 1s transmitted only
in the first q reference symbols, where g 1s a predetermined
positive integer. Preferably, g=1 or 2.

The foregoing has described on which reference symbols
the PSS/SSS can be transmitted. In the following, the forms
in which the PSS/SSS i1s transmitted in these reference
symbols will be explained.

In one repetition period, the signal form of the PSS/SSS
can be as follows.

In one repetition period, the PSS/SSS includes M OFDM
symbols, 1n which the m-th OFDM symbol has a sub-carrier
spacing of 15/A_ KHz, where 1=m=M and A is a positive
integer (e.g., A =1, 2, 3, 4, 5, 6). Here, the sub-carrier
spacing for transmission of the PSS/SSS can be smaller than
15 KHz, 1.e., different from the conventional sub-carrier
spacing in the LTE.

The M OFDM symbols may or may not have the same
sub-carrier spacing. For example, the PSS/SSS can include
two OFDM symbols 1n total. The first OFDM symbol may
have a sub-carrier spacing of 15 KHz and may be transmut-
ted on the reference symbol #4 1n the first slot. The second
OFDM symbol may have a sub-carrier spacing of 7.5 KHz
and may be transmitted on the reference symbols #5 and #6
in the first slot.

When A_=1, the sub-carrier spacing 1s 15 KHz, and the
OFDM symbol corresponds to one reference symbol.

When A =2, the sub-carrier spacing 1s 7.5 KHz, and the
OFDM symbol corresponds to two consecutive reference
symbols. That 1s, one OFDM symbol having a sub-carrier
spacing 1s 7.5 KHz 1s transmitted 1n duration of two conse-

cution reference symbols. Preferably, the two consecutive
OFDM symbols are one of: the third OFDM symbol and the

fourth OFDM symbol 1n each slot, or the last two OFDM
symbol 1n each slot. Since the third symbol 1n a slot having
an even 1ndex 1s typically used for PDCCH transmission, the
third and fourth symbols 1n the slot having an even index
shall not be used. Further, for the extended CP, since the
tourth symbol in each slot contains CRS, the OFDM symbol
corresponds to the last two symbols 1n each slot only.

When A_=4, the sub-carrier spacing 1s 3.75 KHz, and the
OFDM symbol corresponds to four consecutive reference
symbols. Preferably, the OFDM symbol 1s transmitted over
MBSFN subframes.

In one repetition period, the synchronization signal
includes a plurality of sequences generated based on a cell
identity and/or timing information. Details of the generation
method will be described later.

There are several correspondences between the OFDM
symbols and the sequences, as follows.

a) In one repetition period, each OFDM symbol included
in the PSS/SSS corresponds to one complete sequence. For
example, 1 one repetition period, the PSS/SSS 1includes four
OFDM symbols each corresponding to one complete
sequence.
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b) Alternatively, in one repetition period, a plurality of
OFDM symbols included in the synchronization signal

correspond to one complete sequence. Each of the OFDM
symbols corresponding to a sub-sequence of the complete
sequence. For example, 1n one repetition period, the PSS/
SSS 1ncludes eight OFDM symbols. Four symbols corre-
spond to one complete sequence, which can be divided into
four segments each corresponding to one symbol.

c) Alternatively, 1n a plurality of subirames 1n one rep-
ctition period, each of the plurality of subirames corre-
sponds to one sequence.

In one repetition period, the mapping relationship
between the resources occupied by the PSS/SSS and the
sequences can be as follows.

When the synchronization signal 1s transmitted over time
corresponding to 5, 6 or 7 reference symbols, the time
corresponding to the reference symbols can be divided into
two portions each corresponding to one complete sequence.

The two portions can be divided in order of time. For
example, when the synchronization signal 1s transmitted
over time corresponding to five reference symbols, one
portion may include the time corresponding to the first three
reference symbols and the other portion may include the
time corresponding to the remaining two reference symbols.
Alternatively, one portion may include the reference sym-
bols 1n a slot having an even index, and the portion may
include the reference symbols 1n a slot having an odd index.
In a case where the synchronization signal 1s transmitted
over time corresponding to 5 or 7 reference symbols, each
sequence may occupy a portion 1n frequency domain 1n the
middle one of the reference symbols.

Alternatively, the two portions include time correspond-
ing to OFDM symbols having odd indices and time corre-
sponding to OFDM symbols having even indices. The
indices are determined by re-numbering the OFDM symbols
corresponding to the synchronization signal from O 1n order
of time. For example, when the synchronization signal is
transmitted over time corresponding to six reference sym-
bols having indices of 0-5, respectively, one portion may
include the reference symbols #0, 2 and 4, and the other
portion may include the remaining symbols.

Alternatively, one of the two portions may include the
reference symbols 1n which the CRS is located, and the other
may 1nclude the remaining reference symbols. That 1s, one
portion may include the one or more of the first, second and
last but two symbols 1n each slot, and the other portion may
include one or more of the remaining reference symbols.

Preferable Embodiment 2

In this embodiment, a method for transmission of PSS i1s
provided.

In one repetition period, the PSS can occupy one or more
subiframes. Preferably, the PSS can be located in subirames
4 and 5 1n a radio frame, or subframe 9 1n a radio {frame and
subirame O 1n the next radio frame.

In one repetition period, the PSS can be located in a
plurality of reference symbols 1n one or more subframes. For
example, 1n one repetition period, the PSS can occupy n
(n>1) reference symbols in one subiframe. Alternatively, 1n
one repetition period, the PSS can occupy a plurality of
subirames and 1n each of the subirames the PSS may occupy
one or more reference symbols. The number of reference
symbols occupied by the PSS may or may not be the same
in these subirames. For example, for a normal CP, other than
the first three reference symbols that may be used for
PDCCH, the reference symbols available for the PSS 1n one
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subirame include the reference symbols 3, 5 and 6 1n the slot
having an even index and the reference symbols 2, 3, 5, and
6 1n the slot having an odd index. For an extended CP, other
than the first three reference symbols that may be used for
PDCCH, the reference symbols available for the PSS 1n one
subirame include the reference symbols 2, 4 and 5 1n the slot
having an even index and the reference symbols 2, 3, 5, and
6 1n the slot having an odd index. Without the interference
from the CRS, an improved synchronization performance
can be achieved. Alternatively, the PSS can be located 1n the
reference symbols 1 which the CRS 1is located. In the
positions for transmitting the CRS, the PSS symbols will be
punctured for transmission of the CRS.

Optionally, the eNB can configure the subirame(s) for
transmitting the PSS as MBSFN subirame(s), so as to reduce
the interference with the synchronization channels from the
CRS.

As 1n the embodiment 1, 1n one repetition period, the PSS
includes M OFDM symbols, in which the m-th OFDM
symbol has a sub-carrier spacing of 15/A  KHz, where and
l=<m=<M and A _ 1s a positive integer (e.g., A =1, 2, 3, 4, 5,
6). One or more OFDM symbols correspond to one
sequence, which can be a ZC sequence, an M sequence, or
wash sequence. This embodiment 1s not limited to any of
these sequences.

Assuming that the PSS has a bandwidth of 180 KHz and
each sub-carrier has a width of 15 KHz, there can be 1n total
12 sub-carriers. In this case, a ZC sequence having a length
of 11, 12 or 13 (in this case one symbol 1s to be punctured
according to a predefined rule to obtain a sequence having
a length of 12). In practice, the length 1s not limited to any
of the values mentioned above. Alternatively, each sub-
carrier may have a width of 7.5 KHz, resulting in 24
sub-carriers in total. In this case, a ZC sequence having a
length of 13, 14 or 25 (in this case one symbol i1s to be
punctured according to a predefined rule to obtamn a
sequence having a length of 24). In practice, the length 1s not
limited to any of the values mentioned above. Preferably,
when the ZC sequence 1s generated 1n frequency domain, the
symbol corresponding to the DC position 1s to be punctured.
For example, when the sequence has a length of 11, the
symbol 1n the middle will be punctured.

The sequences corresponding to the OFDM symbols of
the PSS may or may not be the same.

Optionally, the PSS includes a sequence and 1ts conjugate.

For example, 1 the PSS occupies 8 symbols in one
subirame, then the first 4 symbols each correspond to a
sequence s, and the last 4 symbols each correspond to a
sequence that 1s the conjugate of s.

Alternatively, the first 4 symbols correspond to a long
sequence having a length of e.g., 47, and the last 4 symbols
also have a length of 47 and correspond to the conjugate of
the long sequence.

The transmission sequences for the PSS can be the same
tor all cells. That 1s, the PSS 1s used for timing only, without
carrying any other information. Alternatively, the PSS may
carry some nformation.

The PSS can be used to indicate a portion of cell identity
information, e.g., N,,°*=3N, ,+N, ), where N, is a
cell identity, N,,,'"’ is a value ranging from 0 to 167 and ID
1s a value ranging from 0 to 2.

For example, N,,,'* can be represented by three different
7C sequences, namely ZC1, ZC2 and ZC3. For NID(z):i,,
cach of the n symbols for transmitting the PSS carries ZCi.
The three different ZC sequences have different root
sequences, or the same or partially same root sequence but
different cyclic shiits.
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Alternatively, N,,* can be represented by different
orders of the sequences. For example, assuming that the PSS

1s transmitted over 9 symbols, every 3 out of the 9 symbols
correspond to the same sequence. Accordingly, there are 3
sequences, namely ZC1, ZC2 and ZC3. For example, 11

N, ,*=0, the sequences corresponding to the 9 symbols are
in the order of ZC1 (first 3 symbols), ZC2 (middle 3

symbols) and ZC3 (last 3 symbols). If N,,*=1, the
sequences corresponding to the 9 symbols are in the order of
ZC2 (first 3 symbols), ZC3 (middle 3 symbols) and ZC1
(last 3 symbols). If N,,,¥=1, the sequences corresponding to
the 9 symbols are 1n the order of ZC3 (first 3 symbols), ZC1
(middle 3 symbols) and ZC2 (last 3 symbols).

Preferable Embodiment 3

In this embodiment, a method for transmission of SSS 1s
provided.

The SSS 1s transmaitted repeatedly at a repetition period of
e.g., 20 ms, 40 ms or 60 ms. In practice, the period 1s not
limited to any of these values.

In one repetition period, the SSS can be located in a
plurality of reference symbols, e.g., reference symbols that
do not contain CRS. For example, for a normal CP, other
than the first three reference symbols that may be used for
PDCCH, the reference symbols available for the SSS 1n one
subirame include the reference symbols 3, 5 and 6 1n the slot
having an even index and the reference symbols 2, 3, 5, and
6 1n the slot having an odd index. For an extended CP, other
than the first three reference symbols that may be used for
PDCCH, the reference symbols available for the SSS 1n one
subirame 1nclude the reference symbols 2, 4 and 5 1n the slot
having an even index and the reference symbols 2, 3, 5, and
6 1n the slot having an odd index. Without the interference
from the CRS, an improved synchronization performance
can be achieved. Alternatively, the SSS can be located 1n the
reference symbols 1n which the CRS 1is located. In the
positions for transmitting the CRS, the SSS symbols will be
punctured for transmission of the CRS.

As 1n the embodiment 1, 1n one repetition period, the SSS
includes M OFDM symbols, in which the m-th OFDM
symbol has a sub-carrier spacing of 15/A_ KHz, where
l=m=M and A _ 1s a positive integer (e.g., A =1, 2, 3, 4, 5,
6). The PSS on each OFDM symbol corresponds to one
sequence, which can be a ZC sequence, an M sequence, or
wash sequence. This embodiment 1s not limited to any of
these sequences.

Without loss of generality, in this embodiment, 1t 1s
assumed that the PSS has the same sub-carrier spacing as the
LTE, 1.e, 15 KHz. In practice, this embodiment 1s not
limited to this specific sub-carrier spacing.

Assuming that the SSS 1s transmitted over M OFDM
symbols, without loss of generality, 1t 1s assumed that each
symbol carries one sequence, which can be a ZC sequence
or m sequence. Preferably, a ZC sequence 1s selected. In
practice, a plurality of OFDM symbols may correspond to
one sequence. The present disclosure 1s not limited to this.

For example, the SSS 1s transmitted over 6 OFDM
symbols 1n one subirame and thus corresponds to 6 ZC
sequences, or over 12 OFDM symbols 1n two consecutive
subirames and thus corresponds to 12 ZC sequences. In
practice, this embodiment 1s not limited to these values. The
M ZC sequences can be used to indicate different cell
identity information and timing information. Here, the tim-
ing information will be explained as an example. For
example, when the ZC sequence 1s transmitted at a period of
20 ms, the timing information can indicate the position
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information of the current 20 ms 1n 80 ms, using e.g., 2 bits.
In this way, upon receiving the SSS, the UE can acquire the
timing of 80 ms.

In the LTE, the cell identity has a value ranging from O to
503. If the entire cell 1dentity 1s to be indicated by the SSS,
9 bits will be needed. With the additional 2-bit information
for timing, the SSS needs to indicate in total 11 bits of
information.

Several schemes for the ZC sequences to carry the infor-
mation will be given below.

1. The information can be carried by a combination of the
sequences over the symbols.

The M OFDM symbols correspond to M sequences,
respectively, which are assumed to be six ZC sequences,
without loss of generality, as follows:

20, (n) = exp(— jruin(n + 1) ]

Nec

where N_.=11 1s the length of the ZC sequence,
u,ce{1,2, ..., N~1} is an index of a root sequence of the
7C sequence on the 1-th symbol.

Hence, a combination of (u,, u,, .. ., us) can indicate the
cell identity and/or the timing information.

Assuming that the cell identity corresponds to a ZC
sequence having a length of 11, there are 10 ZC root
sequences. Hence, a combination of (u,, u,, . . ., u,) 1s
suilicient to indicate 11 bits of information. Optionally, the
set of u, can be a subset of the set {1, 2, ..., N_ -1}

An example 1s given here for explaining how the indica-
tion 1s provided. For example, the SSS i1s only used to
indicate the cell identity information. The SSS includes 6 ZC
sequences. There are 3 root sequence 1ndices 1n the set of u,,
which are re-numbered to have indices of 0, 1 and 2,
respectively. Then, the 6 ZC sequences can be used to
indicate 3° (i.e., 729) states, which is sufficient to indicate
the cell identities. Then, the cell identity satisfies:

5

W =S e
1=0

where w, 1s an index of a root sequence of the ZC
sequence on the (1+1)-th symbol and has a value of O, 1 or
2.

Alternatively, the root sequences and cyclic shifts can be
used for joint indication, e.g., using (u,, CS;, u,,
CS,, ..., u, CS)) to jointly indicate the cell identity and the
timing information. Here, CS,, CS,, ..., CS, are cyclic shift
values for the ZC sequence on the 1-th symbol out of the 6
symbols, respectively.

2. Two long sequences over two subframes are used for
indication.

The SSS 1s transmitted over two subirames. Preferably,
two consecutive subirames, e.g., subirames #4 and #5, or
subframe #9 and subframe #0 1n the next radio frame, can be
selected. On each subirame, the SSS 1s a sequence and
occupies e€.g., a plurality of reference symbols. This long
sequence 1s segmented 1n time domain and then transmitted
over the plurality of reference symbols, respectively, with a
sub-carrier spacing of 15 KHz. The long sequence over the
two subframes 1s designed for indicating the information,
which will be described 1n detail below.
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For example, 1n each subirame, 6 reference symbols, 1.e.,
72 REs, are occupied. The SSS 1s a ZC sequence having a
length of 71, as follows:

Jjru;nin + 1)]

2C,.(n) = exp(— N
i

n=0,1,... ,N,—l.

The ZC sequence 1s generated mn time domain. Here,
N_-~71 1s the length of the ZC sequence, and u,&
11,2, ..., N_.-1} is an index of the root sequence of the
ZC sequence on the 1-th subframe out of the two subirames.

An example 1s given here for explaining how the 1ndica-
tion 1s provided. For example, the SSS 1s only used to
indicate cell 1dentity information and 2-bit timing 1informa-
tion, 1.e., 11 bits of information 1n total. The two subirames
correspond to two sequences, respectively. There are 70 root
sequence 1ndices 1n the set of which are re-numbered to have
indices of 0, 1, 2, . . . 69, respectively. Then, the 2 ZC
sequences can be used to indicate 70° (i.e., 4900) states,
which 1s suilicient to indicate the 11 bits of information

(2''=4096). Then, the cell identity satisfies:

where w, 1s an index of a root sequence of the ZC
sequence on the (1+1)-th subframe out of the two subirames
and has a value 01 0, 1, 2, ..., 69.

Alternatively, the root sequences and cyclic shiits can be
used for joint indication, e.g., using (u,, CS,, u,, CS,) to

jointly indicate the cell 1identity and the timing information.

Here, CS, and CS, are cyclic shift values for the ZC
sequence on the 1-th subirame out of the two subirames,
respectively. Further, the information can be indicated by
means ol change in transmission subirames. For example,
the SSS i1s transmitted every 40 ms, in the radio frame
satisfying n. mod 8=0, the sequence A of the SSS 1s trans-
mitted 1n subirame #4 and the sequence B of the SSS 1s
transmitted in subframe #5. In the radio frame satistying n,
mod 8=I1, the sequence B of the SSS 1s transmitted in
subirame #4 and the sequence A of the SSS 1s transmitted 1n
subiframe #5. In this way, the timing of 80 ms can be
obtained.

3. Diafference mapping positions are used to carry the
information.

In one repetition period, the SSS can 1include one or more
sequences each generated from a plurality of sub-sequences.
The imformation can be indicated by means of different
mapping positions of the plurality of sub-sequences.

For example, each sequence of the SSS can be generated
from e.g., two sequences denoted as s,(n) and s,(n).

If n/2 mod 2=0, then:

d(2n)=sq#n),d(2n+1)=s,(#);
If n/2 mod 2=1, then:

(1)

d(2n+1)=sqy(n),d(2n)=s,(n), (2)

where n.1s an index of a radio frame. For example, at
radio frame 4n, a sequence according to Equation (1) can be
transmitted. At radio frame 4n+2, a sequence according to
Equation (2) can be transmitted. In this way, the timing ot 40
ms can be obtained. s,(n) and s, (n) can be generated from
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cell identities. For example, there can be a one-to-one
correspondence between the cell identities and the root
sequences of the ZC sequences and the cyclic shifts.

Preterable Embodiment 4

In this embodiment, a method for transmission of PSS/
SSS over the reference symbols 1n which the CRS 1s located.

When the PSS/SSS 1s on the reference symbols in which
the CRS 1s located, the symbols of the PSS/SSS are punc-
tured at the RE positions in which the CRS 1s located.

Without loss of generality, on a reference symbol in which
the CRS 1s transmitted, the PSS/SSS sequences are x(0),
x(1), x(2) ... x(K 1), K=12, where 0, 1, . . . , K-1 denote
indices of sub-carriers. For an RE that 1s not used {for
transmitting the CRS, the PSS/SSS transmitted from the
eNB 1s y(k) x(k) ¢, where c=s(k,)/x(k,), k, 1s a sub-carrier
index for CRS 1n a predetermined RE on the symbol, x(k,)
1s a value of a PSS/SSS sequence corresponding to the
sub-carrier # k,, and s(k,) 1s a CRS symbol value corre-
sponding to the sub-carrier # k..

In this way, 1t 1s possible to ensure the PSS/SSS symbol
value at the position at which the CRS 1s transmitted on the
sub-carrier # k, to be valid, and the PSS/SS5S symbol value
at other positions at which the same CRS value 1s transmit-
ted on the sub-carrier # k, to be valid too.

Preferably, the transmission power of the PSS/SSS 1s the
same as that of the CRS.

Preferable Embodiment 5

In this embodiment, a method for transmission of a
synchronization signal 1s provided.

In this embodiment, the synchronization signal includes a
plurality of OFDM symbols each corresponding to one
sequence. The OFDM symbols occupied by the synchroni-
zation signal are OFDM symbols defined 1n the current LTE
system, 1.€., symbols each having a sub-carrier spacing of 15
KHz.

Assuming a sequence length of 11, there are in total 10
sequences available. In practice, the sequence length 1s not
limited to this. It 1s assumed that the available sequences are
ZC sequences, as follows:

_.wun(ntl)
x,(m)=¢e "N

O0=n=sN-1

where N denotes the sequence length, which 1s 11 1n thas
case, and u 1s a root sequence index having a value ranging
from 1 to 10. In accordance with anti-frequency-oilset
performances of the ZC sequences, the root indices at both
ends correspond to worse anti-frequency-oilset perfor-
mances and the root indices 1n the middle correspond to

Symbol Index
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better anti-frequency-ofiset performances. That i1s, the root
indices can be ordered depending on their anti-frequency-
oflset performances as:

(N—lN#l}{N—l 1N+1+q}

2 2 2> 2
N -1 N+1 N -1 N+1 (N
(—5—— 5 +]}"(_7__I Q-H].}

The two root indices 1n each pair of parentheses have similar
performances. For N=1, (35, 6)>(4,7)>(3,8)>(2,9)>(1,10).

Optionally, the sequences having good anti-frequency-
oflset performances can be placed on symbols without CRS.
Preferably, a pair of sequences having good anti-frequency-
oflset performances can be placed on two physically adja-
cent symbols without CRS, e.g., the last two symbols 1n one
slot in an LTE subframe. The present disclosure 1s not
limited to this example.

Assuming a normal CP, one subirame contains 14 sym-
bols numbered as 0, 1, 2, 3, ..., 13 in order of time. The
symbols with CRS are symbols having indices 01 0, 1, 4, 7,
8 and 11, and the remaining symbols do not have CRS. It 1s
assumed that the synchronization signal occupies the last 11
symbols. In practice, the number and positions of the
symbols are not limited to the above example. Then, the
sequences having good anti-frequency-oflset performances
can be placed on a pair of adjacent symbols without CRS.
That 1s, the root sequence indices of 3, 6, 4, 7, 3 and 8 can
be placed on the symbols #3, 6, 9, 10, 12 and 13, respec-
tively, in a one-to-one correspondence. The present disclo-
sure 15 not limited to any specific correspondence. For
example, the sequence having a root sequence index of 5 can
be transmitted on symbol #5. The sequence having a root
sequence 1ndex of 6 can be transmitted on symbol #6. The
sequence having a root sequence index of 4 can be trans-
mitted on symbol #9. The sequence having a root sequence
index of 7 can be transmitted on symbol #10. The sequence
having a root sequence index of 3 can be transmitted on
symbol #12. The sequence having a root sequence index of
8 can be transmitted on symbol #13. Other sequences can be
mapped onto the symbols with CRS. In an example, the 11
symbols, 1.e., symbols #3-13, correspond to the root
sequence indices of 2, 9, 3, 8, 1, 10, 4, 7, 5, 6 and 3,
respectively. Table 1 gives some examples of the root
sequence 1ndices. In practice, the present disclosure 1s not
limited to the examples below.

TABLE 1

o 1 2 3 4 5 6 7 &8 9 10 11 12 13

CRS (Y/N) Y Y N N Y N N Y Y N N Y N N
Root Sequence Index 2 9 3 8 1 10 4 7 5 6 3
(Example 1)

Root Sequence Index 2 9 S5 6 1 10 4 7 3 8 3

(Example 2)
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Some more examples will be given below. The root
sequence 1ndices on the 11 symbols can be, 1n order of time,
one of:

11,2,3,4,5,6,7,8,9,10,1};

11,2,3,4,5,1,6,7,8,9,10};

1,10,2,9,3,5,8,4,7,5,6}:

11,10,2,9,3,8,4,7,6,5,6};

{2,9,5,6,1,10,4,7,3,8,3};

{2,9,3,8,1,10,4,7,5,6,5}.

Optionally, adjacent symbols correspond to a pair of
conjugate sequences, 1.€.,

N +1

As shown in Table 1, symbols #3 and #4 correspond to 2 and
9. In practice, the order can be changed into 9 and 2.
Alternatively, the symbols can correspond to other conjugate
sequences, ¢.g., 5 and 6.

Preferably, adjacent symbols without CRS correspond to
a pair of conjugate sequences.

Optionally, the 11 symbols correspond to in total 10
different root sequences. A sequence on one symbol 1s the
same as sequences on other symbols. It 1s referred to as a
repetitive sequence. Preferably, the sequence on the last but
two symbol 1s the same the sequences on other symbols.
Preferably, the repetitive sequence 1s one of the sequences
having the best anti-frequency-oflset performances, €.g., one

of

(N—l N+1]
2 7 2 )

Alternatively, the repetitive sequence can be the sequence on
the last symbol, the first symbol, the first symbol i the
second slot, or the third symbol 1n the second slot.

Assuming an extended CP, one subirame contains 12
symbols numbered as 0, 1, 2,3, ..., 11 in order of time. The
symbols with CRS are symbols having indices of 0, 1, 3, 6,
7 and 9, and the remaining symbols do not have CRS. Then,
the sequences having good anti-frequency-oflset perfor-
mances can be placed on a pair of adjacent symbols without
CRS. That 1s, the root sequence indices of 5, 6, 4, and 7 can
be placed on the symbols #4, 5, 10 and 11, respectively, in
a one-to-one correspondence. The present disclosure 1s not
limited to any specific correspondence. For example, the
sequence having a root sequence mdex of 5 can be trans-
mitted on symbol #4. The sequence having a root sequence
index of 6 can be transmitted on symbol #5. The sequence
having a root sequence index of 10 can be transmitted on
symbol #7. The sequence having a root sequence imndex of 4
can be transmitted on symbol #11. In an example, the 9
symbols correspond to the root sequence indices of 1, 3, 6,
2,9,3,8,4and 7, respectively. Table 2 gives some examples
of the root sequence indices. In practice, the present disclo-
sure 1s not limited to the examples below.
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TABLE 2
Symbol Index 0 1 2 3 4 5 6 7 8 9 1011

CRS (Y/N)

Root Sequence
Index (Example 1)
Root Sequence

Index (Example 2)
Root Sequence 6 5 o6 2 9 3 &8 4 7

Index (Example 3)

Some more examples will be given below. The root
sequence 1ndices on the 9 symbols can be, 1n order of time,

one of:

11,2,3,4,5,6,7,8,91};

11,2,3,4,5,7,8,9,10};

11,10,2,9,3,4,7,5,6};

11,10,2,9,3,8,4,7,6};

11,5,6,2,9,3,8,4,7};

11,4,7,2,9,3,8,5,6}.

Optionally, the 9 symbols correspond to 9 different root
sequences 1n total (1.e., each symbol corresponds to a unique
root sequence), which can be the 9 root sequences having the
best anti-frequency-ollset performances. For example, the 9
different root sequences can be 9 root sequences other than
the one having an index of 1, or 9 root sequences other than
the one having an index of 9.

Optionally, the sequences having good anti-frequency-
oflset performances can be placed on the symbols with CRS.
For a normal CP, the 11 symbols correspond to the root
sequences having indices of 4, 7, 1, 10, 3, 6, 2, 9, 8, 3 and
8, respectively. For an extended CP, the symbols correspond
to the root sequences having indices of 6, 1, 10, 4, 7, 3, 8,
2 and 9.

Optionally, the sequences can be divided 1nto groups and
the sequences to be protected can be placed on the symbols
without CRS. The sequences to be protected can be
sequences having good or bad anti-frequency-oilset perfor-
mances. The symbols without CRS 1n which the sequences
to be protected are located can be selected arbitrarily.

Optionally, the root imndices for the ZC sequences divided
into groups 1n accordance with at least one of:

a first scheme 1 which a first group includes ZC
sequences having u=1{5,6,4,7,3,8}, a second group includes
ZC sequences having u={2,9}, and a third group includes
ZC sequences having u={1,10}, and

a second scheme in which a first group includes ZC
sequences having u={1,10,2,9,3,8}, a second group includes
ZC sequences having u={4,7}, and a third group includes
ZC sequences having u={5,6}.

The sequences 1n the second group and the sequences 1n
the third group are inter-exchangeable.

The first group of ZC sequences can be mapped onto first
OFDM symbols, the second group of ZC sequences can be
mapped onto second OFDM symbols, and the third group of
ZC sequences can be mapped onto third OFDM symbols.
The first OFDM symbols mnclude symbols having numbers
of {5,6,9,10,12,13} in the subframe, the second OFDM
symbols include symbols having numbers of {3,4} in the
subirame, and the third OFDM symbols include symbols
having number of {7,8} in the subframe.

Embodiment 6

Similar to the embodiment 5, for a normal CP, the last 11
symbols 1mn a subframe are used for transmission of the
synchronization signal. The root sequence indices for the
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sequences corresponding to the 11 symbols can be cyclic 1n
order,1.e., 1,2,3,4,5,6,7, 8,9, 10 and x, where x 1s any
arbitrary one 1n the range from 1 to 10. Preferably, the root
sequence 1dex X for the sequence on the last symbol can be
1, 5, or 6.

Optionally, the sequences on the symbols can be end-to-
end conjugate, e.g., 1, 2, 3,4, 5, x, 6,7, 8, 9 and 10, where
X 15 any arbitrary one 1n the range from 1 to 10. Preferably,
the root sequence index x for the sequence on the last
symbol can be 1, 5, or 6.

Optionally, among the sequences on the symbols, the

sequences on adjacent symbols are conjugate with each
other. The repetitive sequence 1s on the symbol 1n the
middle. For example, for 1, 10, 2, 9, 3, x, 8, 4, 7, 5 and 6,
x 1s the repetitive sequence 1n the middle symbol between a
pair of conjugate sequences. Preferably, the sequence x on
the last symbol can be 1, 5, or 6.

Optionally, the sequences on the symbols correspond to a
pair of conjugate sequences. For example, the first 5 sym-
bols correspond to the root sequence indices of

and the last 6 symbols correspond to the root sequence
indices of

N+1

Embodiment 7

In this embodiment, the synchromization signal includes a
plurality of OFDM symbols each corresponding to one
sequence. The OFDM symbols occupied by the synchroni-
zation signal are OFDM symbols defined 1n the current LTE
system, 1.¢., symbols each having a sub-carrier spacing of 15
KHz.

In this embodiment, the PSS and/or SSS 1s transmitted
over 11 sub-carriers. A downlink carrier includes 12 sub-
carriers, and may be used for transmitting downlink infor-
mation in the NB-IoT system. In practice, 1t 1s not limited to
the NB-IoT system. In this embodiment, positions of these
11 sub-carriers 1n the downlink carrier are provided.

Optionally, the 11 sub-carriers are 11 ones having the
lowest frequencies of the 12 sub-carriers, or are 11 ones
having the highest frequencies of the 12 sub-carriers.

Optionally, the positions of the 11 sub-carriers are deter-
mined by cell identities, thereby reducing collision prob-
ability between the synchronization signal and the CRS. For
example, when the cell identity mod 3 1s O, the 11 sub-
carriers are 11 ones having the highest frequencies of the 12
sub-carriers. When the cell i1dentity mod 3 1s 2, the 11
sub-carriers are 11 ones having the lowest frequencies of the
12 sub-carriers. When the cell identity mod 3 1s 1, the 11
sub-carriers are 11 ones having the lowest or the highest
frequencies of the 12 sub-carriers. In this way, the CRS at
most occupies 3 REs over the symbol 1n which the synchro-
nization signal 1s located.

FIG. 7 1s a schematic diagram showing REs correspond-
ing to ZC sequences according to a preferable embodiment
of the present disclosure. As shown 1n FIG. 7, an example 1s
given, 1n which “mod” indicates modulo, REs in the dotted
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part are those where the CRS 1s located, and Nid denotes a
cell identity. REs corresponding to ZC sequences are 1llus-

trated in FIG. 7.

Alternatively, when the cell identity mod 6 1s O, the 11
subcarriers are 11 ones having the highest frequencies of the
12 sub-carriers, and when the cell identity mod 6 1s 2, the 11
sub-carriers are 11 ones having the lowest frequencies of the
12 sub-carriers. When the cell identity mod 6 1s another
value, the 11 sub-carriers are 11 ones having the lowest
frequencies or the highest frequencies of the 12 sub-carriers.

Optionally, the positions of the 11 sub-carriers are deter-
mined by positions of the 12 sub-carriers and/or a frequency
oflset of the center frequency of the 12 sub-carriers from the
integer multiple of the nearest 100 kHz. For example, for the
in-band mode, the positions of the 11 sub-carriers are
determined by PRB indices corresponding to the 12 sub-
carriers or a frequency oflset of the center frequency of the
PRBs from the integer multiple of the nearest 100 kHz.
Table 3 shows positions of the 11 sub-carriers at the odd-
numbered bandwidth. As shown 1n Table 3, when the system
bandwidth 1s 5 MHz, 11 the synchronization signal 1s trans-
mitted over PRB #17 or 22, the PSS 1s transmitted over 11
sub-carriers having the lowest frequencies 1n the PRB. If the
synchronization signal 1s transmitted over PRB #2 or 7, the
PSS 1s transmitted over 11 subcarriers having the highest
frequencies 1n the PRB. This 1s similar for the remaining
system bandwidth. In this manner, it 1s possible to receive
the PSS without a fixed frequency offset. It 1s also similar for
guard band.

TABLE 3
System 3MHz 12 2
Bandwidth 5MHz 17,22 2,7
15 MHz 42,47, 52,57,62,67, 2,7, 12,17, 22,27, 32
72
Frequency Offset -7.5 kHz +7.5 kHz

obtained by subtracting
the central frequency of
the PRB from the integer
multiple of the nearest
100 kHz

Positions of the 11 11 sub-carriers having 11 sub-carriers having

sub-carriers the lowest frequencies the highest
in the PRB frequencies 1n the
PRB

The following Table 4 shows positions of the 11 sub-
carriers at the even-numbered bandwidth.

TABLE 4
System 10 MHz 4,9, 14, 19, 30, 35, 40, 45
Bandwidth 20 MHz 4,9, 14,19, 24, 35, 60, 65, 70, 75,
29, 34, 39, 44, 80, 85, 90, 95
Frequency Offset obtained by -2.5 kHz +2.5 kHz

subtracting the central
frequency of the PRB from the
integer multiple of the nearest
100 kHz

Positions of the 11 sub-carriers 11 sub-carriers 11 sub-carriers
having the lowest having the highest
frequencies frequencies
in the PRB in the PRB

Optionally, when the center frequency of the 11 sub-
carriers 1s smaller than the integer multiple of the nearest
100 kHz, the 11 sub-carriers are 11 ones having the highest
frequencies of the 12 sub-carriers. When the center fre-
quency ol the 12 sub-carniers i1s larger than the integer
multiple of the 12 sub-carriers, the 11 sub-carriers are 11
ones having the lowest frequencies of the 12 sub-carriers.
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Optionally, the eNB transmits the sequence over 11 con-
secutive sub-carriers. Alternatively, a sequences value over
certain sub-carrier may be punctured. For example, the
middlemost sequence value may be punctured. Then, no
signal can be transmitted over the middlemost sub-carrier
among the consecutive 11 sub-carriers, and corresponding
sequence values will be transmitted over the remaining 10
sub-carriers. In practice, 1t 1s not limited to puncturing the
middlemost sequence value.

With the description of the above embodiments, 1t will be
apparent to those skilled 1n the art that the method according
to the above embodiments can be realized by means of
soltware plus the necessary general hardware platform, and
of course can be implemented via hardware, but 1n many
cases the former 1s the better implementation. Based on this
understanding, the technical solution of the present inven-
tion, 1 essence or 1 terms of parts contributing to the prior
art, can be embodied 1n the form of a software product,
which 1s stored 1n a storage medium (e.g., ROM/RAM, disc,
CD-ROM) and includes a number of istructions for
enabling a terminal device (which may be a mobile phone,
a computer, a server, or a network device, etc.) to perform
the method described 1in the various embodiments of the
present mvention.

It should be noted that each of the above-described
modules can be realized by means of software or hardware,
and the latter can be realized by, but not limited to, the
following manner: the above-mentioned modules are
located at the same processor, or the above-mentioned
modules are distributed at a plurality of processors.

Embodiments of the present mnvention also provide a
storage medium. Alternatively, in the present embodiment,
the above-described storage medium may be configured to
store program code for performing the method steps of the
above-described embodiment.

Optionally, the storage medium 1s further configured to
store program code for performing the method steps of the
above-described embodiments.

Alternatively, 1in the present embodiment, the above-
described storage medium may include, but not limited to, a
USB disk, a Read-Only Memory (ROM), a Random Access
Memory (RAM), a mobile hard disk, a magnetic Disc or
CD-ROM and other media that can store program code.

Optionally, 1n the present embodiment, the processor
executes the method steps of the above embodiments 1n
accordance with the program code stored in the storage
medium.

It will be apparent to those skilled in the art that the
above-described modules or steps of the present mnvention
may be implemented by means of a general purpose com-
puting device, and may be placed at a single computing
device or distributed over a network of multiple computing
devices. Optionally, they may be implemented by means of
program code executable by the computing device, so that
they may be stored 1n a storage device and executed by a
computing device, and 1n some cases, they may be per-
formed 1n a different order from the steps shown or
described here, or they may be made separately nto indi-
vidual integrated circuit modules, or may be implemented
by making multiple modules or steps therein into a single
integrated circuit module. Thus, the present invention 1s not
limited to any particular hardware, software, and the com-
bination thereof.

The foregoing 1s merely illustrative of the preferred
embodiments of the present invention and 1s not intended to
limit the present invention. Various changes and modifica-

tions may be made by those skilled in the art. Any modifi-
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cations, equivalent substitutions, improvements, and the like
within the spint and principles of the invention are intended
to be included within the scope of the present invention.

INDUSTRIAL APPLICABILITY

According to an embodiment of the present invention, the
base station transmits the synchronization signal repeatedly
and periodically to a terminal. In one repetition period, the
synchronization signal 1s transmitted over time correspond-
ing to a plurality of Orthogonal Frequency Division Multi-
plexing (OFDM) symbols 1n one or more subirames. The
synchronization signal 1s a Primary Synchronization Signal
(PSS) or a Secondary Synchronization Signal (S5S). Alter-
natively, the terminal receives the synchronization signal
transmitted from a base station repeatedly and periodically.
In this way, the problem associated with 1nappropriate
design of the synchronization signals in the NB-LTE system
can be solved and proper transmission of the synchroniza-
tion signals in the narrow band system can be achieved.

What 1s claimed 1s:

1. A method performed by a wireless communication
node, comprising:

transmitting by a transmitter of the wireless communica-
tion node a Primary Synchronization Signal (PSS)
periodically to a wireless communication device,
wherein the PSS 1n at least one subirame in a period
occupies a plurality of Orthogonal Frequency Division
Multiplexing (OFDM) symbols, wherein the plurality
of OFDM symbols 1s consecutive and each corresponds
to one sequence, each OFDM symbol 1n the plurality of
consecutive OFDM symbols corresponding to a Zad-

oil-Chu (ZC) sequence with a length of 11, wherein the
PSS 1s transmitted over 11 subcarriers of a downlink
carrier which includes 12 subcarriers and each ZC
sequence 1s determined by a corresponding OFDM
symbol index, wherein the plurality of OFDM symbols
carries no reference signal.

2. A method performed by a wireless communication
node, comprising:

transmitting by a transmitter of the wireless communica-
tion node a Secondary Synchromization Signal (SSS)
periodically to a wireless communication device,
wherein the SSS 1n at least one subirame 1n one period
occupies a plurality of Orthogonal Frequency Division
Multiplexing (OFDM) symbols, wherein the plurality
of OFDM symbols 1n at least one subframe 1s consecu-
tive and each corresponds to a subset of a first
sequence, each OFDM symbol in the plurality of con-
secutive OFDM symbols corresponding to a Zadofl-
Chu (ZC) sequence with a length of 11, wherein the
SSS 1s transmitted over 11 subcarriers of a downlink
carrier which includes 12 subcarriers and each ZC
sequence 1s determined by a corresponding OFDM
symbol index, wherein the plurality of OFDM symbols
carries no reference signal.

3. The method of claim 2, wherein the first sequence
corresponding to the SSS 1n at least one subirame 1s con-
figured based on at least one of the following: a cell identity
and timing information.

4. A device for transmitting a synchronization signal,
comprising;

a transmitter configured to transmit a Primary Synchro-
nmization Signal (PSS) periodically to a wireless com-
munication device, wherein the PSS 1n at least one
subirame 1n a period occupies a plurality of Orthogonal
Frequency Division Multiplexing (OFDM) symbols,
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wherein the plurality of OFDM symbols 1s consecutive
and each corresponds to one sequence, each OFDM
symbol 1n the plurality of consecutive OFDM symbols
corresponding to a Zadoil-Chu (ZC) sequence with a
length of 11, wherein the PSS 1s transmitted over 11
subcarriers of a downlink carrier which includes 12
subcarriers and each ZC sequence 1s determined by a
corresponding OFDM symbol index, wherein the plu-
rality of OFDM symbols carries no reference signal.

5. A device for transmitting a synchronization signal,
comprising;

a transmitter configured to transmit a Secondary Synchro-
nization Signal (SSS) periodically to a wireless com-
munication device, wherein the SSS 1n at least one
subirame 1n one period occupies a plurality of Orthogo-
nal Frequency Division Multiplexing (OFDM) sym-
bols, wherein the plurality of OFDM symbols 1n at least
one subirame 1s consecutive and each corresponds to
subset of a first sequence, each OFDM symbol in the
plurality of consecutive OFDM symbols corresponding
to a Zadofl-Chu (ZC) sequence with a length of 11,
wherein the SSS 1s transmitted over 11 subcarriers of a
downlink carrier which includes 12 subcarriers and
cach ZC sequence 1s determined by a corresponding
OFDM symbol index, wherein the plurality of OFDM
symbols carries no reference signal.

6. The device of claim 5, wherein the first sequence
corresponding to the SSS 1n at least one subirame 1s con-
figured based on at least one of the following: a cell identity
and timing information.

7. A device for receiving a synchronization signal, com-
prising:

a recerver configured to receive a Primary Synchroniza-
tion Signal (PSS) periodically to a wireless communi-
cation device, wherein the PSS 1n at least one subirame
in a period occupies a plurality of Orthogonal Fre-
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quency Division Multiplexing (OFDM) symbols,
wherein the plurality of OFDM symbols 1s consecutive
and each corresponds to one sequence, each OFDM
symbol 1n the plurality of consecutive OFDM symbols
corresponding to a Zadofl-Chu (ZC) sequence with a
length of 11, wherein the PSS 1s transmitted over 11
subcarriers of a downlink carrier which includes 12
subcarriers and each ZC sequence 1s determined by a
corresponding OFDM symbol index, wherein the plu-
rality of OFDM symbols carries no reference signal.

8. A device for recerving a synchronization signal, com-
prising;:

a recerver configured to receive a Secondary Synchroni-
zation Signal (SSS) periodically to a wireless commu-
nication device, wherein the SSS 1n at least one sub-

frame 1n one period occupies a plurality of Orthogonal

Frequency Division Multiplexing (OFDM) symbols,
wherein the plurality of OFDM symbols 1n at least one
subiframe 1s consecutive and each corresponds to a
subset of a first sequence, each OFDM symbol 1n the
plurality of consecutive OFDM symbols corresponding
to a Zadofl-Chu (ZC) sequence with a length of 11,
wherein the SSS 1s transmitted over 11 subcarriers of a
downlink carrier which includes 12 subcarriers and
cach ZC sequence 1s determined by a corresponding
OFDM symbol index, wherein the plurality of OFDM
symbols carries no reference signal.

9. The device of claim 8, wherein the first sequence
corresponding to the SSS 1n at least one subirame 1s con-
figured based on at least one of the following: a cell identity
and timing information.

10. A non-transitory computer-readable medium having
stored thereon computer-executable instructions for carrying
out any one of claims 1, 2 and 3.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 10,666,484 B2 Page 1 of 1
APPLICATION NO. : 15/756028

DATED : May 26, 2020

INVENTOR(S) : Wen Zhang et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

Clamm 1, Column 28, Line 38, delete “carries” and insert --carry--
Clamm 2, Column 28, Line 56, delete “carries” and insert --carry--
Claim 4, Column 29, Line 9, delete “carries” and insert --carry--
Claimm 5, Column 29, Line 26, delete “carries” and mnsert --carry--
Claim 7, Column 30, Line 10, delete “carries” and msert --carry--

Claim 8, Column 30, Line 27, delete “carries” and insert --carry--

Signed and Sealed this
First Day ot September, 2020

Andrei Iancu
Director of the United States Patent and Trademark Office
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